A thermophilic bacterium, strain TAT105, was isolated from compost made of animal wastes. TAT105 had high tolerance to ammonium nitrogen up to 1200 mM, and highly assimilated nitrogen during the growth on swine feces. The strain was classified into Bacillus, close to Bacillus pallidus. To evaluate the effect of adding TAT105 to ammonia (NH 3 ) emission during the composting process of animal wastes, laboratory scale composting was done. NH 3 emission tended to be lower and nitrogen loss was smaller in the TAT105-added material than in the control material to which TAT105 was not added. Thermophilic ammonium-tolerant bacteria in the TAT105-added material increased to about 8 Â 10 9 CFU/g of dry matter on the average during the tests, and most of them were judged to be TAT105 from morphological colony discrimination. These results suggested the possibility of reducing NH 3 emission from composting of animal wastes by adding TAT105.
Composting is a general treatment for recycling animal wastes as plant fertilizer. During the treatment, however, large amounts of malodorous gases are emitted, constituting one of the main sources of malodor from livestock production. 1, 2) In Japan, the number of complaints against malodor from livestock production have reached 1500-2000 a year in recent years, and among them, complaints on composting have accounted for about 20% (Environmental Agency, Japan, 1996 Japan, -1999 .
In the composting of animal wastes, ammonia (NH 3 ) and sulfur compounds are largely emitted when organic matter is actively decomposed and the material temperature rises to above 60 C. [3] [4] [5] [6] [7] [8] [9] Concentrations of those compounds are closely related to perceptible concentration and character of malodor from the wastes being composted, then they are considered to be the elements most responsible for malodor from composting. 8) Especially, NH 3 emission occurs in quite high concentrations and a large amount of nitrogen is lost during the treatment. [6] [7] [8] [9] [10] [11] This causes a decline in the value of the compost as a fertilizer, as well as complaints about malodor. Additionally, NH 3 emission from animal wastes is one of the main causes of wider environmental pollution such as acid rain, [11] [12] [13] [14] so reducing the emission has come to be a significant problem. 15) Various countermeasures have been studied and used to reduce malodor from composting of animal wastes: enclosure and ventilation, 2) deodorizing systems, 2, 16, 17) amendments, 18) aeration control. 1, 3) Among them, biological additives which contain microorganisms has attracted considerable attention for their ease of use and relatively lower cost. 19) In many cases, however, which microorganisms were contained in them are not clear, nor are the mechanisms of malodor reduction. Additionally, some studies reported that they were not effective in laboratory evaluations or practical use. [19] [20] [21] On the other hand, several microorganisms which reduce malodorous compounds from animal wastes have been studied with the aim of controlling odor emission by directly adding them to the wastes. However, they were mainly concerned with reducing volatile fatty acids which are the main malodorous elements of fresh animal feces, [22] [23] [24] [25] [26] [27] and few studies have focused on the microorganisms which reduce NH 3 or sulfur compounds. 24, 28) In this study, we isolated a microorganism which adapted to animal wastes being composted and highly assimilated nitrogen, and evaluated its effects in NH 3 emission during the composting of swine feces by directly adding it.
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Materials and Methods
Media. For Swine feces medium (SF medium), swine feces (250 g) was suspended in 1 l of distilled water, and the suspension was filtered through 2 layers of gauze. The extract was autoclaved at 120 C for 30 min. For the medium without NH 4 Cl, pH was adjusted to 8.2, and agar was added to 2% (w/v). When NH 4 Cl was added, pH was kept around 6.5 at first, and adjusted to 7-7.2 with sterilized 2 N Na 2 CO 3 after autoclaving.
For Yeast extract-ammonium medium (YA medium), 5 g yeast extract (Difco), 1 g Na 2 HPO 4 , 0.3 g KH 2 PO 4 , and 1 g CH 3 COONa were dissolved in 1 l of distilled water and autoclaved at 120 C for 15 min. The pH of the medium was adjusted to 7-7.2 in a similar way for SF medium.
Concentrations of NH 4 Cl and agar in those media were varied according to the uses of them as described below.
Isolation and selection of microorganisms. Microorganisms were isolated and selected on the basis of following criteria: (1) ability to grow on animal feces, (2) ability to grow above 60 C, (3) high tolerance for ammonium nitrogen (NH Mature compost made of cattle and swine feces in our institute was suspended in physiological salt solution (PSS) and homogenized at 12000 rpm for 15 min with a blender (Homogenizer AM-5, Nissei Co., Ltd.). After appropriate dilution, the suspension was inoculated into SF medium (500 mM NH 4 Cl, 3% agar) and incubated at 60 C for 2 days. The colonies generated were isolated and purified. Each of the isolates was inoculated to 7.5 ml of SF medium (40 mM NH 4 Cl) in the test tube (80 ml), and shaken at a slant at 50 C, 105 rpm for 18 hours. The culture was centrifuged at 20000 Â g for 10 min, and the supernatant was submitted to analyses of NH þ 4 -N and the total of nitrous and nitric nitrogen (NO X -N) by Bremner's method. 29) To evaluate Kjeldahl-nitrogen (Kj-N) and bacterial growth, the culture was once filled up to 10 ml with PSS. Half of the solution was centrifuged as described above, and the precipitate was washed 3 times with an equal volume of PSS. The supernatant and precipitate were collected respectively, and Kj-N in them were analyzed by the standard method.
30) The remainder was appropriately diluted and inoculated into the SF medium (40 mM NH 4 Cl, 2% agar). After overnight incubation at 55 C, generated colonies were counted to evaluate the total number in the culture. This evaluation was repeated 3 times.
Characterization of microorganism. Biochemical properties of selected microorganisms were analyzed according to the standard manuals. 31, 32) The growth conditions described below were observed from colony formation on YA medium after 2 days of incubation.
The temperature for growth was determined by varying incubation temperatures C) with single medium (500 mM NH 4 Cl, 3% agar). For identifying the pH for growth, a series of media without NH 4 Cl, in which pH was varied (pH 5-10) were prepared using 2 N Na 2 CO 3 or 2 N NaH 2 PO 4 . For measuring the tolerance to NH þ 4 -N, another series of media in which the NH 4 Cl concentration was varied (500-1500 mM) were prepared. Besides determining temperature for growth, the incubation temperature was set at 55 C. Genomic DNA prepared by phenol extraction 33) was treated with a DNA-GC Kit (Seikagaku Kogyo Co., Ltd.) and analyzed by HPLC (HP1100, Hewlett Packard Co., Ltd.) following the method of Suzuki.
34) Prepared DNA was also submitted to PCR for increasing 16SrDNA. The primers used were 10F (5 0 -AGTTT-GATCCTGGCTC-3 0 ) and 1540R (5 0 -AAGGAGGT-GATCCAGCC-3 0 ), which corresponded to 10-25 and the complement of 1524-1540 in Escherichia coli 16S rDNA. The PCR products were treated with a sequencing kit (Amplitaq Gold, Amersham Pharmacia) and applied to gel electrophoresis by a sequencer (373S DNA sequencing system, PE Applied Biosystems). The determined sequence was submitted to phylogenetic analysis by the neighbor-joining method 35) using software (MicroSeq Analysis Software/16SrDNA Sequence Database, PE Applied Biosystems).
Composting test. a) Apparatus and operations. A laboratory scale composting test was done to evaluate the effects of adding microorganisms to NH 3 emission during composting of swine feces, using a composting apparatus ('Kaguyahime', Fujihira Kogyo Co., Ltd., Fig. 1 ) developed from the apparatuses in the former studies. 8, 36) The selected strain (TAT105) was cultured in 100 ml YA medium (100 mM NH 4 Cl) in a 500 ml shaking flask at 50 C, 115 rpm for 20 hours, and the culture was mixed with 3.6 kg swine feces and 0.6 kg sawdust. A part of the mixture (4 kg) was placed into the composting apparatus in a thermostatic chamber at 25 C and continuous aeration (0.45 l/min) was started (TAT105-added). For TAT105-not-added material, the mixture to which the fresh YA medium was added was prepared (Control). During the test, accumulated water in the cooling flask was periodically collected. On day 7 and 13, the materials were removed from the apparatus, mixed completely, and returned to the apparatus again (turning). At every turning, 150 g of material, accumulated water in the cap, and drain water in the bottom of the vessel were collected, and the NH 3 trap was replaced. The test was finished in 18 days. At turnings and end of the test, the materials were weighed before and after mixing. The composting test was carried out three times (Test 1-3) . b) Analyses of emitted NH 3 and collected materials. NH 3 in exhaust gas was monitored periodically at the gas-sampling port using NH 3 detection tube (Gastec Co., Ltd.). The liquid samples collected were filled up to 50 to 2000 ml and NH 3 dissolved in them were analyzed. The moisture contents, pH, and various forms of nitrogen in the materials were analyzed following the former study, 8) and total nitrogen (TN) were evaluated from those analyses. Volatile solids (VS), which indicate organic matter contents, were measured after the combustion of dried samples at 600 C for 6 hours. c) Count of microorganisms in the material. Collected materials were suspended in PSS, homogenized, and inoculated into media as described in ''Isolation and selection of microorganisms''. The media and culture conditions were varied according to the category of microorganisms: SF medium at 37 C for 3 days for mesophilic bacteria and actinomycetes; SF medium at 55 C for 2 days for thermophilic bacteria and actinomycetes; YA medium (500 mM NH 4 Cl, 3% agar) at 55 C for 2 days for thermophilic ammonium-tolerant bacteria; Potato Dextrose Agar (Difco) containing chloramphenicol (100 g/ml) at 37 C for 3 days for yeast and fungi. Generated colonies were counted for calculating colony-forming units per 1 g dry matter (CFU/gDM).
Results
Isolation and selection of microorganisms Among 124 strains isolated from compost, strain TAT105, which showed the highest reduction in NH 
Characteristics of TAT105
The properties of TAT105 are shown in Table 1 . TAT105 showed both a thermophilic nature and a tolerance for high concentration of NH þ 4 -N. Color of the colony was cream yellow on YA medium and graybrown on SF medium. The surface was a little convex and matted. The shape was round or lobed at first, and gradually became ramified as it expanded (Fig. 3(a) ). The cells were rod-shaped, and were frequently observed in chained form (Fig. 3(b) ).
The TAT105 16SrDNA sequence is available from GenBank under the accession number AB066342. From a phylogenetic analysis, TAT105 was deduced to be located in the genus Bacillus close to B. pallidus (Fig. 4) . Some species close to TAT105, B. pallidus, B. coagu- a, plywood cardboard; b, insulation material (styrofoam); c, cap; d, trap for accumulated water; e, vessel for material (12 l of effective volume); f, rod with thermocouple wires; g, stainless-steel mesh; h, aeration pump; i, aeration tube; j, temperature data recorder; k, flask for cooling exhaust gas; l, sampling port for exhaust gas; m, ammonia trap (a tandem of gas washing bottles with 6 N H 2 SO 4 ). lans, and B. badius, were also detected in the composting of organic wastes, 37, 38) suggesting that they act some part in the composting reaction.
Composting test a) Changes in material temperature and NH 3 emission Figure 5 shows the changes in material temperatures and NH 3 in the exhaust gases during one of the composting tests (Test 2) as a typical result. The temperature rose to above 60 C within 2 days after the start, then gradually fell (Fig. 5(a) ). The temperature in TAT105-added rose smoothly, whereas the temperature in the Control temporarily fell a little and reached its peak value later than in TAT105-added. It rose again sharply after the first turning, but only slightly after the second turning. The concentration of NH 3 rose a little later than the temperature, and reached its peak 4 to 5 days after the start (Fig. 5(b) ). It rose again after the first turning, but remained at a low level after the second turning. During the test, NH 3 from TAT105-added tended to be lower than that from the Control, especially during the first 7 days and within 2 days after the first turning. Those trends were similar in all tests. b) Changes in characteristics of materials and nitrogen losses Table 2 shows the characteristics of the materials at the start, end, and collected at turnings in the composting tests. The weight and total VS in remainders were similar in both treatments, indicating that the decomposition of organic matter progressed similarly in both treatments. In the nitrogen contents, Kj-N in the remainder in TAT105-added was higher than the Control, and it reflected to larger TN in TAT105-added. c) Changes in numbers of microorganisms in the materials Thermophilic bacteria and actinomycetes in both treatments increased markedly until the first turning and afterwards changed little (Fig. 6(a) ).
The changes in thermophilic ammonium-tolerant bacteria were similar to those in thermophilic bacteria. Their numbers in the Control and TAT105-added at the end were 2:4 Â 10 9 and 7:7 Â 10 9 CFU/gDM on average ( Fig. 6(b) ). On YA medium (500 mM NH 4 Cl, 3% agar), only a few kind of colonies were observed at high dilution rate (10 À7 -10 À8 ), and TAT105 colonies were easily distinguished from others morphologically. In those TAT105-added, most of the colonies (above 95%) were judged as TAT105 throughout the tests. In the Control, TAT105-like colonies were also observed a little (10 4 -10 5 CFU/gDM) at the start and increased during the tests. However, they were only less than 20% of total colonies, and about 20-fold smaller than in TAT105-added.
Mesophilic actinomycetes also showed a steep increase within the first 7 days. Mesophilic bacteria increased throughout the test periods. Fungi and yeast were detected in low levels (10 5 CFU/gDM) at the start, and they declined to under 10 4 CFU/gDM until the end (data not shown). The changes in those microorganisms were similar in both treatments, indicating that adding TAT105 did not greatly affect their growth. 
Discussion
The emission of a large amount of NH 3 in the composting of animal wastes indicates that NH þ 4 -N is largely generated and accumulated in the wastes when they are actively decomposed at high temperature. [8] [9] [10] [11] The selected bacterium TAT105 was thermophilic and highly tolerant of NH þ 4 -N, suggesting that TAT105 is adaptable to animal wastes being composted.
TAT105 grew well on swine feces, effectively assimilating nitrogen in the liquid culture. It reflected to lower NH 3 emission in TAT105 added during the composting tests. Except for nitrogen in the collected materials, total nitrogen losses were 5.16 g in the Control and 3.12 g in TAT105-added. Assuming that total nitrogen loss in the Control was 100%, the loss in TAT105-added was about 40% smaller. From the evaluated value of nitrogen assimilated into a single cell and the number of TAT105 in the materials, nitrogen in the remainder immobilized by TAT105 in TAT105-added was evaluated as 1.1 g on average, whereas the average of practical difference of TN in the remainders between in TAT105-added and in the Control was about 2.0 g. Such a difference may arise from deficiencies in the measurement of bacterial numbers in the material or some secondary effect due to adding TAT105 culture. For a more precise determination of TAT105 in the material, some other detection method should be developed.
By adding TAT105 culture, TAT105 remarkably increased in the material during the treatment. It may be possible that composting of animal wastes with low NH 3 emission is continued by recycling some of the produced compost, in which TAT105 is highly concentrated, as starter for the following treatment. To establish a technique for the application of TAT105, further study on a scale and in a manner closer to actual composting treatment will be necessary.
